Objective: Nitric oxide (NO) is produced by various cells in response to mitogenic and inflammatory stimuli. This molecule plays important roles in the transmission of cellular signals, and in defense against pathogens by oxidative toxicity. In biological fluids, NO is rapidly converted to nitrite and nitrate. Therefore, the best index of total NO production is the sum of nitrite and nitrate. The most widely accepted classical method for measuring NO is the Griess method. Widely used commercial colorimetric kits involving the Griess method are very costly. In this study, we aimed to compare two different applications of Griess method for NO measurement.
Introduction
Trace amounts of nitric oxide (NO) are produced by neurons, endothelial cells, platelets and neutrophils in response to homeostatic stimuli. Human endothelial cells are multifunctional cells that line blood vessels and are capable of secreting a variety of biologically active mediators. Endothelial dysfunction is typically characterized by decreased endothelial expression of NO [1] .
Nitric oxide functions in a paracrine way to transmit cellular signals. Specifically, NO interacts with the HEME prosthetic group of guanilate cyclase, and activates this enzyme causing a rise in cGMP level. Higher (micromolar) concentrations of NO are also released by cells such as macrophages, fibroblasts and hepatocytes in response to inflammatory and mitogenic stimuli, and NO plays an important role in defending against pathogens through oxidative toxicity [2] . This higher level of NO, together with superoxide, causes production of peroxynitrite, destruction of iron-sulfur clusters, and nitration of thiol and protein tyrosine residues. Different biological systems produce a wide range of amounts of NO, and the chemical reactivity of NO is also diverse [3] . Recent studies suggest that generation of excessive amounts of NO can mediate protein misfolding and may cause several neurodegenerative disorders [4] .
Nitric oxide undergoes a series of reactions with molecules such as •O 2 -(superoxide), O 2 and NO 2 . The major end products of the NO oxidation in vivo are nitrite (NO 2 -) and nitrate (NO 2 -). The relative proportions of nitrite and nitrate produced as a result of these reactions is variable and cannot be predicted [3] . The half-life of NO in plasma and other body fluids is only 4 seconds [5] ; therefore, the best index of total NO production is the sum of nitrite and nitrate [3] .
The Griess reaction is a method that is widely used to measure the amount of nitrite as an index of the amount of NO in a medium [6] ) which subsequently couples to the aromatic amine 1-naphthylamine (C 10 H 7 NH 2 ) to produce a red violet coloured (λ max ≈ 540 nm), water-soluble azo dye (HO 3 SC 6 H 4 -NN-C 10 H 6 NH 2 ). The identification of nitrite in saliva has been the first analytical application of this diazotization reaction reaction in 1879. For a century, the Griess reaction has been exclusively used to identify analytically bacterial infection [6] .
The Griess reaction is specific for nitrite. Analysis of nitrate by this reaction requires chemical or enzymatic reduction of nitrate to nitrite prior to the diazotization reaction. The simplicity of the Griess reaction and its easy and inexpensive analytical feasibility has attracted the attention of scientists from wide a spectrum of disciplines dedicated to the complex L-Arg/NO pathway [6] .
In this study, we measured the NO content of plasma samples using two different applications of the Griess method: (1) a high-cost, widely accepted commercial colorimetric NO assay that is frequently cited in prestigious scientific journals [7] ; and (2) a modified Griess method developed in our own laboratory. In order the Griess reactive couldn't give reaction with nitrate in neutral PH we have to reduce nitrate to nitrite with chemical or enzymatic methods, with cadmium or the enzyme nitrate reductase. The aim was to test how well the results with these two Griess applications correlate, and to determine which is the best method (from accuracy and economical standpoints) to use in countries with limited resources, such as Turkey.
Materials and methods

Plasma samples
One hundred and fifty-five plasma samples were collected. All of the subjects were adults, and the age range was 18-70 years (mean ± SD: 45.2 ± 4.5). Each blood sample was collected into a tube with EDTA and centrifuged at 1800g for 15 min to separate the plasma. All plasma samples were stored at -80°C until the day of testing when they were thawed and then vortexed (homogenized) for 25 seconds. Each sample was divided into two aliquots for the two different sets of experiments.
Commercial kit NO measurement With the commercial colorimetric NO kit (Cayman Chemical, Nitrate-Nitrite Colorimetric Assay Kit, Ann Arbor, MI, USA), two steps were carried out prior to applying the Griess method. First the plasma was deproteinized using lowbinding regenerated cellulose ultrafilters, and then nitrate-nitrite conversion was induced using NADPH-dependent nitrate reductase. The abovementioned cellulose ultrafılters that were used (Millipore, Ultrafree-MC centrifugal filter units; Low Binding Regenerated Cellulose, Bedford, MA, USA) are able to bind proteins of up to 30,000 kDa molecular weight. The fılters were washed by centrifugation with HPLC-grade distilled water at 3000g for 5 min. Then 400 µL of each thawed and vortexed plasma sample was placed in an ultrafılter and centrifuged at 5000g for 60 min, as suggested by the kit's manufacturer.
After deproteinization, the NO concentration in each plasma sample was measured in two steps following the manufacturer's instructions. Initially, NADPH-dependent nitrate reductase was used to convert all nitrate in the plasma to nitrite. In the second step, Griess reagents were used to measure the amount of nitrite as an indicator of all NO products. The Griess reagents converted the nitrite into deep-purple azo compounds, and the absorbance of the azo chromophore was measured spectrophotometrically at 540 nm. The absorbance result for each sample was converted to µmol/L using the optical densities (ODs) and concentrations of the standards supplied in the kit. This was done by regression analysis using the computerized statistics program Microstat.
Briefly, this set of tests was carried out as follows: Two flat-bottomed, 96-well microplates were used, and 40 µL, of each deproteinized plasma sample was pipetted into each well. A 40 µL volume of working buffer of the kit was added to each sample. Each of the 7 kit standards was pipetted 80 µL/well, and no working buffer was added to these wells. Enzyme co-factor (NADPH, 10 µL/well) was added followed by nitrate reductase (10 µL/well). The plates were incubated at room temperature to complete the conversion of nitrate to nitrite. Then 50 µL of Griess reagent 1 (N-(1-naphthyl) ethylendiamine dihydrochloride: NEDD) and 50 µL of Griess reagent 2 (sulphanilamide) were added to each well. Working buffer was added (200 µL) to one well and used as a blank, and neither of the Griess reagents was added to this well. The plates were incubated in the dark at room temperature for 10 min for color development. Optical densities were read in a spectrophotometer at 540 nm, and the OD values were then converted to µmol/L using regression analysis (p = 0.01, r = 0.998).
In-house Griess method The laboratory technique for the Griess method has been deseribed previously [8] . It involves deproteinizing the plasma with NaOH and ZnSO 4 , and then converting nitrate into nitrite using vanadium chloride (VaCl 3 ). Each plasma sample was deproteinized prior to NO analysis. For this, 250 µL of each sample was placed in a separate tube, 250 µL of 0.3M NaOH was added, and the mixture was incubated at room temperature for 5 min. Next, 250 µL of 10% ZnSO 4 (in de-ionized water) was added and each tube was vortexed. The tubes were then centrifuged at 14,000 rpm for 5 min at +4°C. The supernatant was removed and recentrifuged at 14,000 rpm for 5 min at +4°C.
After plasma deproteinization, the next step was to determine the nitrite concentration in each sample. Test standards were prepared using deionized water, and concentrations of 0, 5, 10, 15, 20 and 25 µM for NaNO 2 (Sigma), and 0, 10, 20, 25, 50 and 100 µM for NaNO 3 (Sigma) were prepared. Each sample was tested in duplicate using 96-well flat-bottomed microplates. In the fırst set of microplates, 100 µL of each sample and of each standard noted above were pipetted into separate wells. Fifty microliters of 2% sulphanilamide (in 5% HCl) was added to each well, followed by 50 µL of 0.1% NEDD (in de-ionized water). In another set of microplates, the nitrate standards and plasma samples were pipetted 100 µL/well as detailed above, and then 100 µL of 8% VaCl 3 (in 1 M HCl) was added to initiate nitrate-nitrite conversion. Next, 50 µL of 2% sulphanilamide (in 5% HCl) and 50 µL of 0.1 % NEDD (in de-ionized water) were added to each well. All the plates were incubated at 37°C for 30 min. After incubation, the OD of each reaction mix was read at 540 nm. The mean of duplicate wells for each sample and standard was taken as the ODs. Linear-regression plots were drawn using the ODs of the standards, and the nitrite concentration in each plasma sample was determined from these graphs and expressed in µmol/L (p = 0.023, r = 0.992).
Statistical analysis
The results from the two different applications of the Griess method were statistically analyzed using the computerized statistics program SPSS for Windows. Pearson correlation analysis (two-tailed) was used to compare the results for parametric variables, and R square, analysis of variance, and coeffıcients were calculated using regression analysis. Reliability analysis was also done to test the reliability of the found correlation.
Results
The results for NO concentration (mean ± SD) with the commercial NO colorimetric kit (Cayman Chemical) and the in-house Griess method were 8.6 ± 7.53 µmol/L and 18.6 ± 18.51 µmol/L, respectively. Analysis revealed a signifıcant correlation between the results with these two different techniques (r = 0.954, p < 0.001, standard error = 2.27). The level of significance of the correlation was 0.01 (two-tailed Pearson's test), and the reliability coefficient-alpha was 0.799.
The NO concentrations determined with the in-house Griess method were higher than those determined with the commercial NO assay. Regression coeffıcients were calculated using the regression formula "y = a + bx" where y (the dependent variable) is the result from the commercial kit and x is the result from the in-house Griess method. The results for each sample were inserted into the formula as x and y, and the coefficients were calculated as a = 1.38 and b = 0.388. Therefore, the formula can be expressed as follows; y = 1.38+0.388x (in µM/L) Figure 1 shows the linear regression plots that illustrate the correlation between the two Griess methods compared in the study.
Discussion
Many different methods have been developed to determine NO concentrations in body fluids and different millieu [6, 9] . The list includes colorimetric assays [10, 11] such as the ferrocyanide method [12] , the ABST method (which uses 2,2'-azinobis(3'-ethylbenzothiazoline-6-sulphonic acid) [11] [12] [13] , the Griess method [6, 8, [13] [14] [15] ; fluorometric assays [10, 13] ; bioassays such as the platelet aggregation method [11] ; electron magnetic resonance spectrophotometry [16] ; electrochemical assays such as Clark's electrode [17, 18] ; and the oxyhemoglobin method [19] . The Griess method is one of most the widely used techniques for measuring the NO content of biological fluids [6, 8, [13] [14] [15] . However, prior to applying this method, the nitrate in the millieu must be converted to nitrite using nitrate reductase [3, 20] , copper-cadmium-zinc catalyst [21] , or VaCl 3 [8, 22, 23] . After conversion is complete, the amount of nitrite in the millieu is measured. Before the Griess reaction is induced in the testing of any biological fluid for NO, the fluid must be deproteinized to eliminate any interference from the protein matrix background of the fluid. Various deproteinization techniques are used, including mixing with methanol-diethyleter [20] , NaOH [21, 22] , ZnSO 4 [23, 24] or via ultrafıltration [25] .
In our study, we used two different applications of the Griess method to measure total nitrite concentration in two identical sets of plasma samples as an indicator of NO concentration. The commercial NO colorimetric assay we tested is a popular, widely cited [7] but expensive method that involves the use of Griess reagents. In this technique, plasma samples are deproteinized by ultrafiltration and then NADPH-dependent nitrate reductase is used to convert nitrate to nitrite. In the second test we used, the plasma samples were deproteinized with NaOH and ZnSO4, and the nitrate was converted to nitrite via VaCl 3 . Then the in-house Griess reaction used sulphanilamide and NEDD compounds.
Statistical testing revealed a significant correlation between the results from these two different Griess method applications (r = 0.954, p < 0.001; correlation significant at 0.01 level with the two-tailed Person's test). Analysis of the reliability of the correlation showed an alpha reliability coefficient of 0.799 (Fig.1) . The OD values (representing the nitrite concentrations) obtained with the in-house technique were higher than those obtained with the commercial assay (18.6 ± 18.51 µmol/L versus 8.6 ± 7.53 µmol/L, respectively). This difference was possibly due to a higher amount of protein matrix-based interference in the in-house Griess method. However, since the results were highly correlated, we devised a regression formula that converted the results of the cheaper in-house method to those obtained with the more costly kit method: "y = 1.38 + 0.388x" with y representing the commercial assay result and x representing the in-house result.
There are several ways to determine NO. Chemiluminescence is the emission of photon as the result of chemical reaction. This method is not used routine business because of the cost and the time consuming. Colorimetric methods uses ferrocyanide oxidization and coloured compounds. Griess Method uses sulfanilamide/NEDD ratio. This method measures up to 5 µM NO. Advantage is the stability of nitrogen oxide products and do not affected from the redox active molecules.
When the expenses for these tests are estimated, the cost for ultrafiltration and the commercial colorimetric assay is almost three times the cost for NaOH-ZnSO 4 deproteinization and the laboratorybased assay. Many investigators in various scientific fields use NO measurement as part of their research. The combination of our in-house Griess method and this newly developed regression formula offers an economical way to measure NO in plasma with accuracy that is comparable to widely accepted commercial NO colorimetric assay.
